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THE GONCENTRATION OF ISOTOPES ¢!3 AND 0!8 1y
CARBON MONOXIDE BY THE THERMO~-DIFFUSION METHOD

“Following 1s a translation of an article

. M., Panchenkev and V. D. Moiseyev written
in Zhurnal Filzicheskoy Khimiyi (Journal of
Physical Chemistry),_Vol. XXX, No.7, Moscow,
1956, pages 1662~67,/

As shown by theoretical computation, the single-stage
factor of the separatinn of isctopes of carbon by means of
thermo-diffusion 1s higher for carbon monoxide than for car-
bon dioxide, Therefore, in spite of certaln inconvenlences
in work with carbon monoxlde because of 1ts toxlclty, 1t is
advantageous to produce the concentration of the 1lsotope
g13 yging carbon monoxide as fissionable gas.

Besides, carbon monoxide, unlike methane for which
the single-stage separatlion fector 1s still higher, 1s more
stabie thermally and can easily be obtained in a pure state,
which excludes the negative effect of impurities on the se-
paration process. There 1s only one written work on the se-
paration of the isotopes of carbon by means of the thermo~
diffusion of carbon monoxide /1/, which was carried out un-
der conditions different from those examined below.

Experimental Part

The thermal diffusion column used by us and made en-
tirely of molybdenum glass 1ls shown in Fig. 1. It represents
a vertical tube (1) of 0.40 cm inside radius. It 1s cooled
on the outside by running water at a temperature of 291 X,

A molybdenum electrode (2) is sealed into the tube's top,
fprom which is suspended a platinum wire (3) 287 cm long and
of 0.015 em rad. Little glass stars soldered to the wire
center it along the axis of the coclumn. To the lower end of
the wire a welght (4) 1s attached which 1ls made of a glass
tube Tilled with mercury, and sealed at the ends. A4 heavy
molybdenum wire runs along the axls of thils tube; the lower
end of the wire 1s immersed into mercury (5) and a molybde=
num electrode (6) is inserted into the tube from the outside.




‘The platinum wire (3) 1s heated by a stabilized alternating
current, the voltage of which ls regulated by an auto trans-
former. The temperature of the wilre is determined by the

change of 1its reslstance.

The upper end of the thermal diffusion column is con-
nected by means of & ring shaped convection tube, heated by
a spiral (7) to 1500C., with the "infinite" reservolr (8)
of abt 2.5 liter capacity. The lower end of the column 1s
“connected in the same manner with a changeable reservolr
(9) of 60 ml capacity. This reservoir can be detached from
the column and the gas 1t contains analyzed or used for o=
ther purpocses.

The upper convenction tube 1s connected with & mercu-
ry manometer (10). The lower convection tube, close by the
winding of the electric furnace (11), has a tubulus connect-

ed with the initial vacuum oll pump, the system of gas ge=
neration and purification (not shown in the Figure), and the

ampoules (12) for gas sampling. The ampoules are removed
simply by unsoldering.

The ampoule has a volume of 5 ml. Its upper end 1s
closed by a sealed caplllary protected by a glass tube,
This tube can be soldered to the instrument needed, and the
capillary broken by an iron weight and magnet; thils re’eases
the gas contained in the ampoula into the testling device.

Carbon monoxide for filling the column was preduced
in a glass apparatus evacuated by an initial vacuum pump,
by adding formic acld (drop by drop)to concentrated sulfu=-
ric ocid heated to 100~110°C. Carbon monoxlde was puri-
fied by consecutive passings through solutlons of potas-
sium permanganate, potassium hydroxide, and concentrated
sulfurie acld, after which it entered Into the column, e=
vacuated to 0,01 = 0,001 mm mercury. The coluan and all
the connections were previously washed out repeatedly with
a fiow of carbon monoxide. According to the data of the
mass-spectrometer analysls, the samples of carbon monoxi-
de from our coluamn contained practically no air.

Each experiment began with filling up the column to

the pressure desired. Then, 1ts platinum wire was heated
and, in due course, the gas samples were removed from the
lower part of the column into the ampullas. By the end of
the experiment, a gas sample was produced in reservolr (90)
and the column was evacuated. The experiment was repeated
after a spare reservoir (9) had been attached to the colunn,




’ Samples of carbon monoxlde taken from the column were
analyzed by the mass-spectrometer. Since the rest-peaks of
magseg 12 and 13 were too high and too unstable, the measu-
rement Gealt with the ratlo of the height of the peak 12016
(with mass 28) to the summery height of the peaks 813017 and
013016 (with mass 29). The heights of the corresponding
rest-peaks were measured before and after the introduction
of the sample of carbon monoxide Into the masg~spectrome~
ter, and the average helghts of these peaks, gmounting nor-

“mally to 2-3 percent of the peak-heights of the %ample, we-
re subtracted from the latter. The ratio ¢12/C15 was com-
guted -~ after accounting for 017# ynder the assumption that

ue Lo the identical molecular weights of ¢ 0 and ¢ 0 ,
the ratio of the concentrations of these molecules 18 the
same in the gas sample from the lower part of the column as
inp he initial gas. The error in the determination of the
content of 1isotope ¢1> amounted to 0.3-0.4 percent of 1lts
content in the sample,

We performed six experiments with the thermal 4iffu-
sion columni.

Fig. l. Thermal diffuslion column.

#It was assumed that the ratlo 0‘6/0‘7 in carbon monoxide
was 9978 /2/.
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In the first Tlve experlments, the pressure of car-
bon monoxide in the colunmn varied under a constant Lempera-
ture of the platinum wire equallng 7209¢,. The szixth expe-
riment was performed ai practlcally the same preasure, (750
nm of meprcury column) as experiment 1, but the temperaiure
of the wire had been raised to 860°C.

In the fourth experiment, the ratlo of the heights
of the peaks of masses 28 and 30 was also measured which,
with the necessary reactions, gives the ratlo 016/01% in
the gas sanple.

the following table presents the results of our ex-
ts, In 1t:

C37 (12 (pottom)
Cls/clz( top )'

p=—1

1s the separation factor of the carbon isotopes in our

__ OB/ 018 (pottom)
9= 018 [ O6 (f10p)

1s the factor of separation of lsotopes 016 ang 018
(from experiment 4). ,

Expt. ressure i .
\NoI? gm. heg. t hours g : 9
t 751 §,35 1.20, 1 .52 | —
‘ (1137 2000 243
2 675 - A& P94 217 -
90,120 2.26.1.28
3 600 4. 46 1.76. 1 .83 . -
. 820 3,20, 2.23 .
4 400 125325 V.25 1.44  §.70, 1. .99
96 154 P64 L. T0 234 144
5 200 10,182 | 1.33: ] .69 -
6 156 4136 174, 2,18

#lg. 2 represenits the graphs plotted from the data
of the table. The egquilibrium was reached in effect 1in a=-
hout 120 hours at all pressures.

Graph 5 seems to indicate that the speed of the equi-
rium increases with the decrease ln pressure, but this
vh has too few polnts and such & conclusion needs verifil-
ion. At 750 mm of the mercury column, a rise in tempera-
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¥ig, 2, Dependence of the factor of separatlon
on time, Graphs’ numbers correspond to the
numbers of the experimente.

ture to 13%0°9C, somewhat increased the separation and ihe
speed of reaching the equilibrium (graphs 1 and 6). The
maximum factor of separatlion dependlng on pressure is near
675 mm of the mercury column and is rather sharply express-
ed (Fig. 3).

At 400 mm of the mercury column, the separatlon face
tor of 1sotopes of oxysgen ' is about 1.6 times greater than
the one of isotopes of carbon ¢’ , which means that the 1s0=
tope of oxygzen 018 can be effectively concentrated by ther-
mo-alffusion in carbon monoxide,

Since the physlcal constantes of carbon monoXide are
well known, the factors in the equation of transfer can be
easily computed, using the wldely accepted theory of ther-
mal Giffusion column of Jones and Ferry and thus the total
seperation factor at the point of equillibrium will be
Tound.

This computation which uses the data of experiment 2
indicates that 4. equals 3.78, while the experiment glves
the value of 4 ‘as 2.28., The discrepancy can pe explained
by the parasitle convectional intermixing arising from the
asymmetry of the thermal diffusion column, and the mninimi=-

zing




of the separation.

’QCOﬂd¢ﬂﬁ to the same theory /3/, the relaxation pe-
STLIN-) bc W With & closed pmuizﬁve @ﬂﬂ and an ins-

caservolr on the n tive end, is defined by bhe Iol-
gxpression:

1AL 1

ety (!}
T = gy 24T

mass of gas in the column., Since the volume

quals 145 ml (without the re servolrs), its
9« 10-2 grams; e2AL = Qe = 2,28, and H in
hown Dy m@prthlvn g 9,9372 10-7. Thas,
.o values into the expression (1}, we [ind
nRours.

Acﬂcrding to the same theory [3], in the case of & co-
ijumn with an infinite reservelr at the negative end, and a
larze (9.€., the volume of whlch 1s much larger than the one
of the column) reservoir at the pcsjtive end, the relaxatlion
period durinz the concentration process ol & isotope with &
ralative concentration of less than l is expressed as {ollows:

P (3 -
X L (eRAL e 3 .
& T ,h(‘ { 1 (Z}

In our acasae, the volume of the pcsi ive regserveolyr 1s
21.: consecuently, m equals 6.17 = 6,17 + 1072 gram, e<Al
Qe = 9058 T reg = 22.08 hours.

Trne exprcsw*mn (a) nas been developed on the &assuaption
that the time of relaxation ls determined almost gxclusively
oy the transfer of the isotope linto the positive reserv 0ir. In

our the volume of the latter is comparable to that of
ihe Such & case has aot been examined by means of the

Tv ?4\“) (B
obvious that the time for our column with the re-
e greater than 97,5550ur3 but less than 23,35 +
: nours. The correctness of this reasoning is
c01xqauruuei by experiment. In lgurp 4, gravh 1 1is plotted
y exnoriment data of experiment 2£: graph 2 -- sccording to
and the eguation

quf".—:(g@-£)(!we“‘ﬂr)‘ (3}

t the eguilibrium values are for the separatlon
Pactor Cg = 2.29 and tp = 23.35; graph 3 1s plotied accordling
to Lhe sé ‘ormula (5? but ge = 2.28 and typ = 45,43, It ls

evide 22,35 ¢ ty £ 45.43. The experimental relaxation

" LI - Y
provided tha
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Fig, 3. Dependence of the factor of separation
on the pressure in the column at 7300C,
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¥iz. 4. Theoretical and experimental graphs of
the dependence of the factor of separa-
tion on time; 1 =
1) experimental graph;
2) for tp = 23.35 he;
3) for tp = 45.43 h.

time tp exp could have peen computed more preclsely from
the points of experlment 2 by the method of the least
sguares,

It follows that a thermodiffusion column like ours
can produce an amount of concenirate of 1sotope of €13,
sufflcient for laboratory work, Flg. 4 shows that a run
of 48 hours might produce 60-80 ml of gas at 675 mm. hge,
i.€., 62~73 mg of carbon monoxide with a concentratlion of
the lsotope of Cl3 (corresponding to the separation factor
of 1.94) equaling 2.123 percent. The ratlo cl2/cl3 = 46,1,

The spectrometric error in the determination of the
content of isotopes of carbon G135 usually less than 0.5
percent of the concentrations of the 1sot0pe”being measured
(in our case it amounted to 0.3 - 0.4 percent)., This means

I




‘This means that, proceeding from an error of 0.5 percent -
and using as a tagged atom a sample containing Glg =

2.12% percent, the maxlimum permlssible dilution will e-

gqual about 1/200, It 18 evident that such a concentra-

wion ls sultadle for many purposes.

This 013 enriched carbon monoxide saanple can be sa-
gily oxydized into carbon dioxide, We have oxydized carbou
monoxide with iodine pentoxide in & glass apparatus shown 1n
Fig. 5.

iy
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Fig. 5. Apparatus for the oxidatlon of carbon mono-

xide to dioxide: 1~-6, vacuum stopcocks; 7-8, mercury

manometers: 9, reservolr with carbon menoxide; 10-11,
zmpullasy 12, ampullas with carbon monoxide; 13-16,
ground eonnsctions; 17, trap; 18, furnace with lodine
pentoxide; 19, tube with freshly rediced copper spl-

rals for trapping ilodine vapers; 20, thermometer.

Spirals of fine copper wire werse deoxldlzed oy heatw
ing in a gas flame and cooled in methyl alcohol, then ra-
pidly dried.

Todine pentoxlde was prepared from commercial ledic
by heating it for 12 hours at 200-3009C, and a subseguent
heating of the final product obtalned in a vacuum at 1800C,

The process of oxidlizing carbon monoxlde in our ap-
paratus was carried out as follows: all the stopcocks were
openad and the apparatus evacuated to 0,01 - 0,001 mm of
mercurys then, stopcocks 4 and & were closed and stopcock
1 was opened, and the gas entered intc the left part of the
apparatus. Then, Dewar flasks with liguid nltregen were pla=-
ced under ampullas 10 and 11, and furnace 18 brought up to
120°9C, Stopecock 4 was opened cautliously and the flow of car-
bon monoxide was allowed to pass through furnace 18, 1its
speed beling regulated sc that manometer 7 would show a drop
ig pressure of 10 mm per minute., After scme tLime, manome-
ters 7 and & began to Indicate the asbsence of gas in the ap=-
parztus (visible pressure less than 1 mm)., Then ampullas
10 and 11 witn thelr charge of solld carbon dloxide were e-
vacuated and unsoldered. The mass gpectrometer showed a
very high purity of carbon dioxide obtalined.

The method of oxldizing small samples of carbon mong=-




xide into carbon dloxide here described is slmple and most
convenlent,

Concluslons

11 The process og the concentration of lsotopes of
carbon C 3 and oxygen 043 in carbon monoxide by the thermo-
diffufion method was examined.

2, The valldity of the theory of the thermodiffusilon
column for the purpose of semiquantitative predictilon of the
results of the work of the apparatus with prescribed parame-
ters was confirmed.

3, A convenient method of oxldizing small samples
of ecarbon monoxlde into carbon dlioxide was developed.

Submitted, 31 December 1955,
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